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Previewsthe interesting results of Xu et al. (2012) by
these more complex explanations, one
needs to assume that the basic inhibi-
tory/excitatory network dynamics are
different in the hippocampus and other
cortical areas.
Whatever the final answers to these
many remaining questions will be, the
experiments by Xu and colleagues
(2012) clearly demonstrate that the newly
emerging molecular tools (Fenno et al.,
2011; Magnus et al., 2011; Nakashiba
et al., 2009) for blocking or enhancing
synaptic activity open new possibilities
to examine neuronal communication in
the behaving animal. The findings of Xu
et al. (2012) are an important milestone
in this direction. A perceived handicap
of molecular biological tools, compared
to electrophysiological methods, is their
slow time resolution. However, it has
become increasing clear not only that effi-
cient timing in the brain depends on fastacting chemical mechanisms but that
such processes can be precisely explored
by targeted molecular biological ap-
proaches, such as demonstrated Xu
et al. (2012). Who would have thought
just a few years ago that words like
‘‘high-pass filtering’’ and ‘‘oscillations’’
might become part of the everyday
discourse in molecular biology labs?
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In this issue of Neuron, Steinbeis et al. (2012) show that DLPFC structure and functions are associated with
strategic social choices during an economic task and relate to impulse control abilities in both age dependent
and independent manners.Interpersonal interactions frequently in-
volve balancing the desires of another
person with one’s own interests in order
to achieve a mutually satisfactory out-
come. Take the example of a storeowner
or street vendor. The seller will try to
name a price that the customer is willing
to pay, but not any less, in order to maxi-
mize profit. Strategic actions such as this
price setting are common in economic
transactions and the neural mechanisms
that mediate the balancing of self versus
other’s goals are of great interest toscientists studying the neurobiology of
decision making. Previous reports have
indicateda role forprefrontal cortex in stra-
tegic social decisions (Bhatt et al., 2010;
Coricelli and Nagel, 2009; Spitzer et al.,
2007). Given the relatively late maturation
of prefrontal regions (Durston et al., 2006;
Giedd et al., 1999), developmental studies
of strategic behavior could provide
insights into the role of prefrontal cortex
in decision making. Clearly, the causal
nature of child development and brain
maturation is complex, and both age-dependent and -independent changes in
neural systems may be linked to specific
aspects of behavior. In this issue of
Neuron, Steinbeis and colleagues (2012)
have examined how age and develop-
mental differences in impulsivity along
with thestructureand functionofprefrontal
cortex relate to strategic decision making.
These results provide novel insights about
the development of prefrontal cortex and
its role in strategic economic decisions.
Moreover, the findings raise several inter-
esting questions for future research.73, March 8, 2012 ª2012 Elsevier Inc. 859
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PreviewsChildren ranging in age from 6–13 were
asked to choose how to split a reward
between themselves and another person
in two contexts. One context required
the child to consider the response of the
second player in order to maximize
reward and the other context did not.
The first context is known as the ulti-
matum game (UG), a common paradigm
in behavioral economics (Guth et al.,
1982). The UG assigns one player as the
proposer and the second as the re-
sponder. The two players are given a
number of tokens and the proposer must
decide how to split them between the
two players. After the proposal is made,
the responder either accepts and both
players keep the assigned amount or
rejects the proposal and neither player
gets anything. The second decision con-
text is known as the dictator game (DG)
and is much like the UG except that
the responder can only accept the offer
(Forsythe et al., 1994). Therefore, in the
DG there is no need for the proposer
to strategically consider the other’s re-
sponse because a responder must ac-
cept any amount, even zero.
Comparing choicesmade by proposers
in the UG versus DG games allowed for
a measurement of strategic shifts in the
amount offered while controlling for social
preferences related to fairness and equal-
ity. One of the earliest lessons taught to
children by parents and teachers is to
treat each other fairly. This often takes
the form of sharing toys so that everyone
has a chance to play or dividing a snack
so that all can enjoy it. Numerous studies
of children and adults have shown that
people have a preference for equality
or fairness in outcomes, although the
strength of this preference varies from
person to person (e.g., Fehr et al., 2008).
In Steinbeis et al. (2012), the amount
offered to the second player in the DG
serves as a means of measuring the
proposer’s preference for equality in the
absence of strategic motivations. Recall
that the responder must accept whatever
is offered in the dictator game. Therefore,
the difference between offers in the UG
and DG games is a measure of strategic
behavior that controls for any underly-
ing difference in social preferences for
equality or fairness.
The initial behavioral study revealed
age related changes in both proposer860 Neuron 73, March 8, 2012 ª2012 Elsevieand responder behavior in the ultimatum
game. Proposers’ level of strategic be-
havior (UG offers–DG offers) increased
with age. When playing in the role of the
responder during the UG, younger chil-
dren were more likely to accept an unfair
offer (1:5 split) than older children even
though there were no age-related differ-
ences in the fairness or emotional ratings
of these offers.
Following the behavioral study, Stein-
beis and colleagues (2012) conducted
a magnetic resonance imaging (MRI)
study with a separate sample of par-
ticipants. Behaviorally, they replicated
the finding of increased strategic behav-
ior with age during childhood in this
new sample. In addition, they showed
that strategic behavior was also cor-
related with developmental differences
in response inhibition or impulse con-
trol in a stop-signal reaction time task
(SSRT). Furthermore, they were able
to demonstrate that several other fac-
tors like perspective-taking, empathy,
risk attitudes, general intelligence, fair-
ness judgments, and predictions about
responders actions did not account for
developmental differences in strategic
behavior.
The MRI data revealed that strategic
behavior and age were related to both
the structure and function of regions in
dorsolateral prefrontal cortex (DLPFC). In
terms of function, the difference in the
magnitude of blood-oxygen level-depen-
dent (BOLD) signal for UG versus DG
proposals in DLPFC was correlated with
age and strategic behavior. With regard
to structure, measures of cortical thick-
ness in the same DLPFC regions of
interest (ROIs) from the functional con-
trast were also correlated with strategic
behavior in the left, but not right hemi-
spheres. Investigating the role of age,
Steinbeis et al. (2012) additionally tested
an adult sample using the same para-
digm. Adults showed similar functional
and structural effects with strategic
behavior correlating with BOLD activity
in both hemispheres, but cortical thick-
ness only on the left.
The DLPFC is implicated in a wide
range of cognitive processes, many of
which change across development (see
Casey et al., 2005). Focusing on the
precise function of DLPFC during stra-
tegic decision making, Steinbeis andr Inc.colleagues (2012) showed that develop-
mental differences in response inhibition
or impulse control (SSRT score) were
correlated with the same left DLPFC
region as strategic behavior in terms
of both cortical thickness and BOLD
response. This finding suggests that the
functional role of DLPFC in this strategic
decision-making task may involve as-
pects of impulse control. Impulse control
is an important component of a set of
skills commonly referred to as executive
functions or cognitive control. Individual
differences in cognitive control abilities
during childhood have significant predic-
tive power for academic performance as
well as later social and health outcomes
in adulthood (Moffitt et al., 2011). The
reported association between impulse
control and strategic social decisions
across development further emphasizes
the fundamental importance of cognitive
control abilities in successful human
behavior.
The findings of Steinbeis et al. (2012)
raise interesting questions for future
research. One open question is the differ-
ential role of left versus right DLPFC in
cognitive control and decision making. A
previous study that temporarily disrupted
the function of DLPFC using repetitive
transcranial magnetic stimulation (rTMS)
showed that disruption of right DLPFC
leads to increased acceptance of unfair
offers in the UG game (Knoch et al.,
2006). The developmental study in this
issue suggests a role for both left and right
DLPFC in strategically adjusting offers
between the DG and UG contexts. How-
ever, the rTMS study only examined the
choices of responders while this develop-
mental MRI study only examined pro-
posers. Future studies applying rTMS
to proposers in the ultimatum game or
examining responders across develop-
ment with MRI could be very useful in
determining any differential roles of left
and right DLPFC in strategic social
decisions.
Another question is how the DLPFC
may interact with other brain regions
during social choices like those in the ulti-
matum game to effect strategic choices.
The exploratory whole brain analyses in
Steinbeis et al. (2012) provided initial hints
that activity in reward processing and
value computation regions like the stria-
tum and ventromedial prefrontal cortex
Neuron
Previews(VMPFC) might also differ between the
UG and DG context. MRI studies of
self-control during dietary choices have
provided evidence for interactions be-
tween DLPFC and VMPFC during deci-
sion making (Hare et al., 2009). This raises
the question: does the DLPFC alsomodu-
late activity in reward systems during stra-
tegic social choices?
In summary, the paper by Steinbeis
et al. (2012) provides convincing evidence
that developmental changes in DLPFC
structure and function are related to
impulse control and strategic behavior
during social decision making. These
findings are consistent with a large liter-
ature linking DLPFC maturation to
improved performance in a variety of
cognitive domains. Beyond the present
results, this work also suggests severalimportant avenues for future research
into the role of DLPFC in decision making.
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